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L6: Entry 3 of 9 Flle - USP1 

DOCUMENT-IDENTIFIER: US 5683916 A = rolatp ^ thereto 

TITLE : Membrane affinity apparatus and purification methods related thereto 

;ne P 'ide^ r co^ an infinitely short bed height (to -J"^- 

opera^ng pre^u^and maximize operating pressures and maximize throughput) and an 

bstSfe this 

ideal quite closely, P wit h "beg heig hts" in the 300-micron range and large internal 

surface areas. 

ST' Pat^No 7 defcr ibes' flat sheet polyamide membranes for affinity 

i^ion* These are micropo rous, skinless membranes with pore diameter of <0.1 to 
? M °" 8 - T he V repre sent Tmajor improvement over UF flat sheet membranes but are 
still limited by Y being difficult'to configure in a device (as they are not self 
SiLiS" f~> hilh surface area/low dead volu, ^^ev.ces^ecome^ncreasingly^ ^ 

tvfnabie SnSSSiiS f'or'pac^ng } ia'shee/membrane in a high- surf ace- area 
configuration . 

Brief Summary P^^J^f > ' 4 473 475) and 4, 673,504, describes a method for 
et al. relate to the same subject matter. 



Brief Summ ary Paragraph Right (34): 4,737,291) v^X 

77-^ patpnta recently issued to Barnes et al . (U.S. Pat. Nos. *,/« ( 4xo c*n^ ' ' X^v 

microporous nylon membrane. Again, these rererences ^ ^ mQmK ^ =r , 0 cur-face 

origin and nature of the "hydrophilic" functional groups on the membrane surface. 

In iL'ZTcl lilllTl^l ^me mbrane art, the current methods for producing microporous 
SmbrL^generllly result in ginned -isotropic ^ructures .c™^.* "i? 

^Sicular ^production"? isotropic ElS f i^er membranes has been hampered by 
fifing' biases In tne art and by existing extrusion methods, over and above the 
general manufacturing techniques. 



\ 1 of 7 



4/16/02 6:41 PM 



http// W estbrs:8002/bin/ B ate.exe?f= s...e=&p_Message=&p_do C cnt=l&p_doc_l-PTFKWIC 

Record Display Form 

interest in selecting the ,e f rane poly-er J^^^^^^^^^lLr^rs tsee, 
more readily processed to make membranes in certain pore size rang efc 

r^^ollS^l^^ 179-203.- Tanny et .1 J. 

Sci ' 1974, 18, %149- 2163; — ; . M et al J Sc. 

al., Desalination 1980, 33-4 5; Bokhor.t. H. et a ^ D -f^^ haV e'headed 

Wijmans, J. G , et al., J. Memb Sci. 1983 14 2fc ' membrane formation and the 

efforts toward a greater understanding of the mecnani accepted in the field 

ways of manipulating structural P ro P e "^ a ^ h as ^meters have to be changed and 
of membrane processing that many key manuf acturing P^ am ^^ s J hollow fibe * product . 

ra: Pt tn:i Z ^n n sfow? g pi^cularly Sf^'S the production of isotropic 
microporous hollow fiber membranes. 

Brief Summa ry Paragraph Right (49): separation for preparing 

In contrast to the nonsolvent induced liquid/solid phase separati p f 

essentially anisotropic «i«2gE2» -mbranes Ca ^ ( ^ se P f epa ^ tio ; br ; ught abou t 
exploited thermal phase inversion ( ^ ; ; ^^^^pic microporous membranes. Thermal 
by temperature changes) in the ^"^^ a polymer m elt and a compatible 

phase inversion, as it is currently pra ' ^ polvmer is solubilized in the poor 

The structure is thus "frozen" by the cooling process. 

Brief Summary Para graph Right (51) = f , Kov . maT1 „f af . t urina are wholly inadequate 

Present spinLrette assemblies for ° ; " 9 m i porcus^ e^ranes. The 

and inflexible for the production of ^stantially ^ropic P 

extrusion dies currently in use do not P^ 1 ^^^^. ho llow fibers that 
structure and pore- size distribution of ^ resulting m^E,^ .^ ^ ^ g ^ 

one would wish to have. Typical tube-in-ori ^ ce ^P.™* r * H awkins) ; in Borneman, Z. et 

^Proceed^^ - 
InllllT, I 1 It'al. a. M.»b. Sci 1985 22, ^^^CabTssf te f -e^late^ 
SSSSSri^oSS e of d Cn:m OS Tech n , a 3rd^di^ony Vol. 12, p. 499, Kirth-Othmer , 



Eds. 



Brief Summa ry Paragraph Right (58) : hollow fiber affinity membrane system 

The apparatus of this invention is a cross f lovl ' h ^ aP ^ t - c prot eins. The central 

for separation of high value P^^^f ^^^^^^^2^- hollow fiber membrane 

feature of the system is a . "°^°?ow dead volume while achieving high 

designed so as to opti ra iz ^ing ^P^^nd lo^ 600 ml module is designed to 

mass transfer rates J Jarge scale system ^ ^ Mulfciple affinity systems 

^modules' n 1 ; 0 ! r 11 in order to process even larger quantities of feed 



material 



Brief Summary Paragraph Right (63) = volumetric throughput, high 

The apparatus is designed to me ^ "^" a .^J h f h produ ct yield. The high 



invention . 



Brief Summ ary Paragraph Right (75) : „„, m .« characteristics of a four-component 

^m^urf^ 

S^ature^eS -ezing ~ Precipitating 

out and preserving the resultant microporous structure. 

Brief Summ ary Paragraph Right (76) : croduction of anisotropic as well 
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further describes an improved spinnerette assembly comprised of two independent 

nnJntric surrounding a central bore which optionally contains therein a 

concentric annul! surrouna 9 S pi nn erette, which can be maintained at a desired 

removable hollow pin. T^ 1 ^ 1 ^^ for external heating, is designed to accommodate 



entry ports , 



^^^nTtHo'delivefthe^x trllnnular fluid over the outer surface of an extruded 
The ability to de ^ er a ^ e *traann the production of hollow fiber membranes with 

f^tantial^ o ro^ in erections throughout the 

Kr!n« As disclosed further below, other membrane structures (e.g., skinned, 
^S-^inned^anrsotro^cl 1 are also possible by the methods of the present invention. 



Brief sum mary Paragraph Center (9) : 

2.6 Prior Methods For The Production Of Microporous Membranes 

Brief Summary Paragraph Type 1 (6) : , =r ^ = 

2.6 Prior Method for t he Production of Microporous Membranes 

rllollorp lbersglnning^t R elatively Isotropic Microporous Membranes Primarily for 

Affinity Applications 

ITI S t" a E£t a c^in g 'sub.t,„ti,lly Lotropic Mioroporou. M em br a „.. 
^Ur^l?"t£i P ^r^r"g^tR« UYp.rt. ra . th. ..p.r.tion process with r.p..t.d 

^f^trate chaSr followed by elution of the target molecule from the membrane 

ss ;SS.-a;;i:.'s£:' sr.wss ;'i:.s-::-s. 

Mas ■" 

artificial °g»^V?h5"rt SxampS. "f ^e manufacturing methods include but 

? noflimi^ed-S? in5ect5on? r compres^ion, and blow molding, blowing, calendering, 
casting, coating, forming, lamination, or extrusion methods . 

spinnerette assembly. 
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Detailed Description Pa ragraph Right (19) : 

Th - ^v^^gy SnH i sotroov of micro porous membranes are critical to the performance of 
hollow fibers employed in affinity purification. Thus, pore sizes in the 0.22 urn to 
several micron range are not expected to result in sieving of protein molecules 
Membranes in this pore size range are by convention classified as microliters (MF) 
based on their ability to reject particulate matter. 

Detailed Description Paragraph Right (22) : 

As membrane pore size increases (i.e ., from UF to MF type membranes) internal surface 
area inevitably decreases. However, microfilters have the advantage of high volumetric 

x at low transmembrane pressure, and a much lower probability of fouling and/or 
Plugging. For these reasons, a MF-type, isotropic microporous hollow fiber is a highly 
desirable membrane for affinity purification applications. 

Detailed Desc ription Paragraph Right (27) : 

In one preferred embodi ment of the invention, flat sheet microporous membranes, 
comprising polyethersulf one (PES) as the primary or bulk polymer component, are 
immersed overnight at room temperature in a basic aqueous solution containing a 
diepoxide linker moiety. Optionally, the membrane samples may be preconditioned by 
heating them in aqueous solutions or washing them in acetonitrile or isopropanol . The 
substituted phenol groups of the PES chain ends exposed at the membrane surface are 
deprotonated by the base giving a nucleophilic phenoxide group. This nucleophile 
attacks an epoxide group of the linker moiety forming a covalently bound (i.e., ether 
bond) linker moiety. Because the covalently bound linker moieties are capable of 
forming at least one other covalent bond (via e.g., a second epoxide group) with 
another chemical entity, any molecule, macromolecule, or ligand, may then be covalently 
bound to the membrane surface. The covalently bound macromolecule is thus held very 
strongly and cannot be removed by washing or other mechanical means. 

Detailed Descripti on Paragraph Right (39): 

The process for derivati zing hydrophobic polymer interfaces discussed above is 
especially applicable to the surface modification of microporous membranes. In the 
course of devising new ways of preparing membranes, the inventors have discovered a 
unique four- component dope composition which in combination with other aspects of the 
overall manufacturing process provides membranes with substantially isotropic 
microporous structures formed either as flat sheets or, perhaps more significantly, 
hollow fibers. 

Detailed Description Paragraph Right (46) : 

Examples of other suitable polymer p airs which may be utilized in this invention 
include but are not limited to: polysulfone (PS)/PE0; PES/Polyvinyl pyrrolidone PVP) 
^particularly the hSgh molecular weight forms, e.g., MW about 360 000 of PVP); PS/PVP 

MW about 360,000); Polyvinyl idene fluoride (PVDF/PEO; PES/Epichlorohydrin copolymers 
of PEO;PES/Poiyvinyl alcohol (PVA) ; Polyphenylene oxide (PPO) /Hydrophilized forms of 
polystyrene (including copolymerlTand sulfonated polystyrene) ; poly acrylonitrile) 
(PAN) and copolymers/hydrophilic acrylic polymers (including polyacrylamide , or PVP, 
PES/ny5rophilized forms of PES (including sulfonated PES); and PS /hydrophilized forms 
of PS. 

Detailed Description Paragraph Right (51) : 

It has also been discovered that mem branes with substantially isotropic porous 
structures (i.e., structures in which the pore diameters are within about an order of 
magnitude or so of each other) can be prepared and preserved by subjecting the 
homogeneous dope composition to an abrupt change in temperature preferably at or above 
the LCST, and essentially simultaneously "freezing out" the precipitated structure by 
Introducing a nonsolvent for at least the primary polymer component This procedure is 
most conveniently carried out in the case of flat sheet membranes by immersing a 
liguid film of the dope composition in a nonsolvent quenching bath (e.g., water) 
maintained at a temperature above the LCST. Quenching the mixture above the LCST 
produces more open membrane structures with larger isotropic pores m the micron range . 
ly contrast, anisotropic microporous or macrovoid- containing membranes are obtained 
from quench baths held below the LCST or UCST. The membrane pore sizes, besides being 
substantially isotropic, may thus be potentially controlled by selecting the 
temperature of the quench bath. Furthermore, the membranes produced by quenching above 
the LCST are substantially skinless having a very high density of pores in the exterior 
surface of the membrane. 

Detailed Description Paragraph Right (53) : 
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While current techniques for preparing microporous hollow fibers are capable of 
producing membranes with surface pores ranging from tenths of a micron to several 
microns in diameter, such conventional membranes of the prior art typically retain 
particles more than an order of magnitude smaller than the surface pore size. As an 
example the nominal 0.2 .mu.m-rated hollow fiber commercially available from AG 
TeE^ (Neeaham, Mass.) has been found to substantially completely re D ect latex 
spheres as small as 0 . 03 .mu.m; which is more than an order of magnitude smaller than 
the surface pore size of about 1 .mu.m as revealed by SEM examination^ Furthermore, SEM 
examination reveals that pores rapidly decrease in diameter to less than 0.1 mu.m 
below the lumen surface over a distance of a few microns. SEM studies of such a 
membrane after a 0.03 .mu.m latex challenge test shows entrapment of latex particles 
within the finely porous region in the matrix below the lumen surface. 

D etailed Description Paragrap h Right (54): ^^4^* qpm to 

A tvpical microporous hollow fiber of the present invention was determined by SEM to 
contain s urf acfpores in the range of 1 .mu.m. Latex sphere challenge tests, as a means 
for denning isotropy, show that latex particles as large as 0 25 .mum passed freely 
across the membrane wall. Furthermore, SEM examination of the hollow f iber wall 
confirmed that pore size distribution across the entire membrane wall was substantially 
isotropic, with P the smallest pores in the fiber wall typically being no smaller than 
about 0.3 .mu.m. 

rrlhfproduc&n 0 ^ having substantially isotropic microporous 

structures, manufacturing procedures more sophisticated than immersing a liquid film of 
dope composition into a quenching bath (i.e., in the production of flat sheets) are 
required For this purpose an improved spinnerette assembly a schematic diagram of 

which is shown in FIG. 4, is used. 

Detailed n^rr-i pti on Paragraph Right (68): , 
Furthermore, although the intra- and extraannular fluids may serve both to initiate the 
thermal phase separation and to quench the resulting microporous structure, the 
stationary washing/quenching bath still serves to partially quench and preserve the 
membranntructurl.^s mentioned above, the strong solvent is also away from the 

membrane in the wash process along with other contaminants. Preferably, the bath 
temperature should also be kept above the LCST of the dope composition. 

Detailed Description Pa ragraph Right (69) : . 
Phase boundaries may naturally serve to define process temperatures. Typically, a 
temperature of about 10. degree. C. above the LCST is employed in producing relatively 
isotropic microporous membranes with pores in the range of 1 .mu.m in diameter. Dopes 
nb Mai ntained in the single phase region of the phase diagram (e.g at "degree . 
C ) before reaching the spinnerette in the extrusion process, or equally useful, the 
dope may be caused to phase separate either in the dope lines or dope pot . The point 
upstream of the spinnerette at which thermal phase inversion occurs does not seem to 
matter greatly, an observation which is contrary to the general teachings of the 
membranfart which teaches that dopes should be maintained in the single phase at all 
times until it emerges from the spinnerette. According to conventional wisdom, phase 
separation in any part of the spinning apparatus should be avoided because it normally 
resets In i "reproducible and inferior membrane properties (e.g., defects, closed cell 
matrix structure, and the like) . It has been found, however, that the important 
consideration is that the dope attains a temperature equal to or greater than the LCST 
before or very soon after contacting quench media. Thus in the case of flat sheet 
casting, polymer dopes are preferably extruded in the single phase and quenched n 
about 80. degree. -90 degree. C. water. For hollow fibers, both the quench bath and 
spinnerette are preferably maintained at about 80 .degree . -90 .degree . C. 

Detailed Descr iption Paragraph Right (71) : , , 

In extruding preferred PES/PEO dope compositions a number of bore injection 
(intraannular) fluids can be employed to good effect. These include: water 
water/solvent (e.g., NMP) mixtures, pure solvents (e.g., NMP) , water soluble poller 
solutions (e q PVA) , gas (e.g., nitrogen), humidified gas, various non-solvents and 
Uaulds whlch^re^Immiscible with components in the dope, according to one's ultimate 
goal WhS making relatively isotropic microporous membranes with surface pores in the 
range of 1 .mu.m, the preferred bore injection fluid is a water/NMP mixture. 

Detail ed Description Paragraph Right (135) : _ 

Fiber sample 2600-6 is examined by e lectron microscopy and pores in the 1-3 mu^m range 
are observed on the two surfaces. Overall pore size distribution in the matrix of the 
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approximately 300 .mu.m fiber wall varies within the range of about 1-2 orders of 
magnitude, but the great majority of the pores are within 1 order of magnitude of each 
other in size. The results indicate that this membrane is an example of a substantially 
skinless relatively isotropic microporous membrane. By contrast, fiber 2600-5 {which is 
made minus the extraannular fluid) is a far more anisotropic microporous membrane 
structure . 

Detailed Description Paragraph Right (137) : 

A wide ran ge of microf iltrat ion and ultrafiltration applications can be addressed by 
these membranes (with or without further surface modification or hydrophilizat ion) , 
where the relatively low protein binding surfaces minimize fouling and plugging of the 
matrix. Of particular interest is the use of the relatively isotropic microporous 
fibers (e g., fiber 2600-6) for cell separation. This separation of cells from 
accompanying liquid can be achieved at very high fluxes without catastrophic decay in 
hydraulic permeability, which is typically observed for commercially available hollow 
fibers. Some examples of such cell separation applications include: clarification ot 
cell broth and conditioned media (where affinity binding and clarification may be 
combined to reduce the number of unit operations in protein purification) , and 
separation of blood cells for medical applications. 

Deta iled Description Paragraph Left (3) : 

5.3.3 Process For Manufacturing Substantially Isotropic Microporous Membranes 

Detailed Description Paragraph Center (14): t 

6.8 Hollow Fiber Spinning of Relatively Isotropic Microporous Membranes Primarily For 

Affinity Applications 

Current US Cross Reference Classification (4) : 
210/500.41 

Issued US Cross Reference Classification (4) : 
210/500 .41 

Field of Search Class/SubClass (4) : 
210/500.41 

U.S. Reference US Original Classification (22) : 
210/500.41 

CLAIMS : 

1. A method for carrying out affinity purification of a ligate in a hollow fiber 
membrane system comprising: 

(a) providing a ligate-containing liquid to a first side of at least one porous hollow 
fiber membrane with a ligand immobilized thereto, said membrane having a microporous 
structure, said liquid being under a pressure sufficient to cause a first portion of 
said liquid to flow convectively and tangentially across said first side of said 
membrane, and a second portion of said liquid being caused to flow convectively into 
and through said membrane emerging on a second side of said membrane, wherein said 
ligate present in said liquid binds to said ligand and is thereby separated from said 
liquid; 

(b) withdrawing said first portion of said liquid from said first side; 

(c) recirculating said first portion of said liquid to said first side of said 
membrane ; 

(d) repeating steps (a) to (c) until a majority of said liquid has flowed into and 
through said membrane; and 

(e) providing an elution solution to one side of said membrane under a pressure 
sufficient to cause said elution solution to flow into and through said membrane and to 
effect the disassociation of any ligate-ligand bonds formed in step (a) wherein any 
ligate bound to said ligand is eluted with said elution solution. 

25. A method for carrying out affinity purification of a ligate in a hollow fiber* 
membrane system comprising: 
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(a) providing a ligate- containing liquid to a first side of at^least one microporous , 
hollow fiber defining, ^membrane, ^d membrane having a liggnd lm " 1 ? bll ^ e f a ^ 6 ^^: a 
sai^tliquid being unler a pressure Sufficient to cause a first portion of said liquid 
toiloi^onvectlvely and tLgentially across said first side of *aid. membrane, with a 
second portion of said liquid being caused to flow convectively 'into and through said 
memlrane emerging on a second side of said membrane, wherein said ligate present in 
said liquid binds to said ligand and is thereby separated from said liquid; 

(b) withdrawing said first portion of said liquid from said first side; 

(c) recirculating said withdrawn first portion of said liquid to said first side of 

said membrane; 

(d) repeating steps (a) to (c) until a majority of said liquid has flowed to the second 
side ; and 

(e) providing an elution solution to one side of said membrane under a pressure 
sufficient to cause said elution solution to flow into and through said membrane and to 
effect the disassociation of any ligate-ligand bonds, wherein any ligate bound to said 
ligand is eluted with said elution solution. 

26. An apparatus for carrying out affinity separation comprising: 

at least one porous hollow fiber membrane having a ligand immobilized thereto; 

means for enclosing said at least one porous hollow fiber membrane; 

means for providing a fluid in intimate contact with a first side of said enclosed 
porous hollow fiber membrane; 

first exit means for directing into a first container any fluid present on a second 
side of saiS enclosed porous hollow fiber membrane opposite the first side to which 
said fluid is first provided according to the fluid providing means; and 

second exit means for directing said fluid present on the first side of said membrane 
into a second container, 

wherein at least part of said fluid leaving from said first exit means has originated 
from said fluid providing means and said hollow fiber membrane has a substantially 
isotropic micro porous structure in all directions throughout the membrane, with pores 
^arge enou gn thermi t convective flow of macromolecule-containing solutions across the 
hollow fiber membrane. 
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DOCUMENT- IDENTIFIER: US 6045694 A 

TITLE: Cationically charge-modified membranes 



Brief Summary Pa ragraph Right (5) : . . . . 

ultrafiltration an d micr ^filtration membranes utilized in xndustry, particularly in the 
food processing industry and in environmental applications, are typically hydrophobic 
membranes which may be surface-modified with a hydrophilic material to reduce fouling 
and to confer additional desirable properties to the membrane. Membranes may be 
isotropic or asymmetric (anisotropic) in their pore structure. Isotropic membranes have 
a uniform pore structure throughout the membrane. Asymmetric membranes do not have a 
uniform pore structure throughout the membrane . Asymmetric porous membranes are 
distinguished from isotropic, homogeneous membrane structures whose flow and retention 
properties are independent of flow direction. Asymmetric membranes are useful in 
microfiltration, ultrafiltration, and reverse osmosis processes. 

Brief Summary Paragraph Right (20): 

The hydroph obic polymer of the membrane may advantageously be a sulfone P°lym e r. 
polyvinylidene difluoride, polytetraf luoroethylene, polypropylene, or polyethylene. 
Preferred sulfone polymers are polvsulfone, polyarylsulf one, and polyethersulf one . 

Bri ef Summary Paragraph Right (25): 

The hydrophobic polymer of th e membrane may advantageously be a sulfone polY™". 
polyvinylidene difluoride, polytetraf luoroethylene, polypropylene, or polyethylene. 
Preferred sulfone polymers are polvsulfone, polyarylsulf one, and polyethersulf one . 



Brief Su mmary Paragraph Right (28): 

A third asp ect of the invention provides a positively charged polymer membrane This 
membrane is cast from a formulation that includes a sulfone polymer and a copolymer of 
vinylpyrrolidone and a cationic imidazolinium compound. The formulation also includes a 
low molecular weight organic acid and a solvent. The sulfone polymer may be 
Polvsu lfone, polyarylsulf one or polyethersulf one . The catWc imidazolinium compound 
may advantag eously be methylvinylimidazoliummethyl sulfate. The acid may be selected 
from the group consisting of formic, acetic, propionic and butyric acid, and preferred 
solvents are N-methylpyrrolidone or dimethyl f ormamide . 

Brief Summary Paragraph Right (31): , 

The sulfone polymer may be selected from the group consisting of polvsulfone, 
polyarylsulf one and polyethersulf one . A preferred cationic imidazolinium compound is 
methylvinylimidazoliummethyl sulfate. The acid may be selected from the group 
consisting of formic, acetic, propionic and butyric acid, and the solvent may 
advantageously be N-methylpyrrolidone or dimethyl f ormamide . 

Detailed Description Paragraph Right (4) : 

It has been discovered that in the post-treatment of formed membranes or in the quench 
or rinse bath treatment of cast membranes, it is not necessary to utilize a latently 
reactive polymeric wetting agent such as polyvinylpyrrolidone or polyethylene glycol or 
an activated modifying polymer such as a chlorohydrin derivative of 
hydroxypropylcellulose to render the initially hydrophobic membrane irreversibly 
hydrophilic It has been discovered that an initially hydrophobic membrane may be made 
irreversibly hydrophilic through a simple contacting process with the improved 
polymeric wetting agents of the present invention, or alternatively with a contacting 
process followed by a simple heating process. Polymeric wetting agents are selected 
from the group consisting of polyvinylpyrrolidone and copolymers of pyrrolidone, 
hydroxypropylcellulose (HPC) , hydroxypropylmethylcellulose, methylcellulose 
(Methocell TM.) and other cellulose polymers with hydrophilic functional groups, and 
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polyvinyl alcohol (PVA) , with HPC being particularly preferred. 
Detailed Description Para graph Right (5) : 

in the method of the present inventi on for cationic charge modification of a formed 
initially hydrophobic membrane, the membrane is made hydrophilic with any of the 
improved polymeric wetting agents of the present invention, following which the 
membrlne is limply contacted simultaneously with a first and second charge-modifying 
agent in aqueous solution for a brief period, following which the membrane is dried 
under thermal conditions designed to induce crosslinking which reduces leaching of the 
first and second charge-modifying agents from the membrane. The first cationic 
charqe-modifying agent may be a polyamine, such as hydroxyethylated polyethyleneimine 
(531) or .J .Jiridin— thyl-n. oxide copolymer . The second cat ionic charge "^if ying 
aaent may be either a high or low molecular weight epichlorohydnn-modif led highly 
branched polyamine. Such polyamines preferably include the high molecular weight KYMENE 
736 and KWENE 450 resins and the RETEN 201 (50,000 daltons) low molecular weight 
resin sS polyamines rely upon chemical crosslinking through the ^^rohydrin 
functional groups to achieve irreversible cationic charge modification, unlike the 
first cationic charge -modifying agents of the present invention. The molecular weight 
of the polyamine is typically selected based on the "openness" of the formed membrane. 
?or example higher molecular weight polyamines are preferably utilized in connection 
wi£h Relatively large pored microf iltration sheet or hollow fiber membranes or melt 
blown Materials, whi^lower molecular weight compounds are utilized in connec Uon w, 
"tighter" pored membranes, such as membranes having pore sizes less than CK02 In 
addition it has been discovered that if the polyamine is subjected to mild shear 
conations P rior to contact with the membrane, this assists in lowering the effective 
molecular weight of the polyamine polymer, perhaps by unwinding, disentangling, or 
breaking the polymer chains of the higher molecular weight polyamines. 

K^ldtemoraner^at'arrsugabif f orgetting and charge modification in accordance 
with the Resent invention include virtually any formed initially hydrophobic polymer 

wJtZZ IvZt h M sufficient porosity so as to allow treatment with the wetting and 
SSoSc g o agents or agent . Formed membranes are initially hydrophobic 

and are rendered hydrophilic through surface treatment with an effective amount of a 
^olvmtric wetting agent. More than one polymeric wetting agent may also be employed 
simultaneously A witting agent as used herein has the ability to cause a surface to 
have increased wettability by water. The wetting of solid surfaces by liquids is an 
important process for many industrial applications. Wetting by definition, is the 
Process of one fluid displacing another fluid at a solid surface. However in most 
cases the L is used ?o describe the displacement of air by a liquid. Generally, 
suitable wetting agents will contain hydrophilic chemical functional groups such as 
" hydroxyl groups 9 carboxylic acid groups and the like. Polymeric wetting agents are 

selected from P the group consisting of HPC, hydroxypropylmethylcellulose Methocell . TM . 
and other cellulose polymers with hydrophilic functional groups, and PVA, with HPC 
being particularly preferred. 

Keferred D formef^^ sheet and hollow fiber cast polymer 

membrane^ and^elfblown polymer membranes. Membranes in -~rdance wit^ this aspect of 
the invention typically possess porosities characteristic of ultrafiltration or 
m^crofntration ^embranes, with pore sizes ranging from about 0 00021 mu.m to about 10 

mu m and pref erably from about 0.01 .mu.m to about 10 .mu.m. Viewed from another 
respective suitable membranes within the ultrafiltration range generally possess 
moCcuJar weignt cutoffs of from about 10,000 daltons to about 100,000 daltons and have 
pore sizes from 0.00021 to 0.0048 .mu.m, whereas microf iltration membranes typically 
possess pore sizes of from at least about 0.01 .mu.m through about 10 .mu.m. 

not-ailftd Descript ion Paragraph Right (13): , . „. „ 

Any hydrophobicpolymer that can be formed into a membrane by a casting, "^It-blowing 
or other process that possesses the pore size criteria described above and which can 
be rendered hydrophilic through treatment with the wetting agents described above, is 
generally acceptable in accordance with this aspect of the invention. Preferred 
Pymers^nclude sulfone polymers, such as polvsulfone, P?^^^^ "J^p, and 
polyethersulfone, fluorinated polymers, such as polyvinyl idene difluoride (PVDF) and 
polytetrafluoroe^hylene (PTFE) , polypropylene, and others such as Pf^^ylene^ Cast 
membranes are generally formed from sulfone polymers whereas melt blown membranes are 
generaUy formed from polypropylene or polyethylene . Cast Cranes are Yllllf lr 
formed, without limitation, in accordance with Wrasidlo US Pat. No. 4 629 563, 
co-pending U.S. patent application Ser. Nos . 08/473,206, filed on Jun. 7, 1995; 
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08/476,189, filed Jun. 7, 1995; 08/484,216, filed on Jun. 1. 1995; 08/498 722 filed on 
Jul. 5, 1995; 08/661,839, filed Jun. 11, 1996; and 08/785,962, filed on Jan. 22, 1997. 
Melt blown membranes are preferably formed in accordance with U.S. patent application 
Ser- No. 08/433,006, filed on May 2, 1995. As such, -preferred membranes utilized in 
accordance with the invention may possess pore size gradients through the cross- section 
of the membrane. 

Detailed Descri ption Paragraph Right (21) : 

With cast membranes, as will be appreciated, treatment with HPC can be conveniently 
accomplished in a quench or rinse bath immediately or shortly after casting. By way ot 
example a p olysulfone based Wrasidlo-type unstable dispersion phase inversion 
formulation (see U.S. Pat. No. 4,629,563, Example II), can be cast onto an inert 
support and quenched using an aqueous bath including HPC (approximately 0 01 w/v % to 
about 0 5 w/v %) to form a highly anisotropic microf iltration membrane. The resulting 
membrane, following drying, is inherently hydrophilic, owing to the HPC treatment. A 
similar process can be utilized for the preparation of hollow fiber membranes. 

Detailed De scription Paragraph Right (28): 

Further aspects of the invention provide a cationic charge-modified membrane and a 
process to prepare such a membrane by casting in a film a mixed polymer solution 
containing a sulfone polymer, a copolymer of vinylpyrrolidone and a cationic 
imidazolinium compound, a low molecular weight organic acid and a solvent quenching 
the resulting film in an aqueous bath, and washing and drying the coagulated membrane. 
Conventional film casting, quenching, rinsing and drying procedures are employed. In a 
preferred embodiment, the sulfone polymer may be selected from the group consisting of 
pol ysulfone, polyarylsulf one and polyethersulf one . Polyethersulf one is preferred. 
Polyethersul f one can be employed with the chemical structure and molecular weight range 
as described in U.S. Pat. No. 5,531,893 to Hu, et al . , such disclosure being 
incorporated herein by reference. Generally, a concentration between about 5 and about 
50% by weight of sulfone polymer may be employed in the polymer solution. Preferably, a 
concentration between about 10 and about 25% by weight is employed Most preferably a 
concentration of about 15% by weight of sulfone polymer is employed. The copolymer of 
vinylpyrrolidone and a cationic imidazolinium compound may be any copolymer containing 
any number of repeating vinylpyrrolidone groups and imidazolinium groups. In a 
preferred embodiment, the copolymer of vinylpyrrolidone and a cationic imidazolinium 
compound is a terpolymer of vinyl caprolactam, vinylpyrrolidone and 

methylvinylimidazoliummethyl sulfate. Generally a concentration between about 0 J and 
about 10% by weight of copolymer may be employed in the polymer solution. Preferably, a 
concentration between about 1.0 and about 5% by weight is employed. Most preferably, a 
concentration of 1.0-2.0% by weight of copolymer is employed. In another preferred 
embodiment, the low molecular weight organic acid is selected from the group consisting 
of formic, acetic, propionic and butyric acid. Propionic acid is preferred. Generally 
a concentration between about 10 and about 60% by weight of acid may - be ^P^ed J£ the 
polymer solution. Preferably, a concentration between about 25 and about 45% by weight 
is employed. Most preferably, a concentration of about 34-35% by weight of acid is 
employed. In another preferred embodiment, the solvent is N-methylpyrrolidone or 
dimethylformamide. N-methylpyrrolidone is preferred. Generally a concentration between 
about 10 and about 60% by weight of solvent may be employed in the polymer solution. 
Preferably, a concentration between about 25 and about 55% by weight is employed. Most 
preferably, a concentration of about 49% by weight of solvent is employed. In another 
embodiment, the mixed polymer solution may be 5-50 w/w % sulfone polymer and 0.5-10.0 
w/w % copolymer of vinylpyrrolidone and a vinylimidazole compound. In an additional 
embodiment, the mixed polymer solution may be 10-25 w/w % polyethersulf one and 1.0-5.0 
w/w % copolymer of vinylpyrrolidone and methylvinylimidazoliummethyl sultate. 

Detail ed Description Paragraph Right (36): . 
Several polysu lfone membrane samples (0.2 .mu.m average surface pore size, available 
from Me mtec America Corporation) , obtained from roll stock that had previously been 
rendered hydrophilic by treatment with HPC, were charge-modified in accordance with the 
invention. HPC treatment was accomplished as previously described in a quench bath 
during the manufacture of the cast membranes. The concentration of the HPC in the 
quench bath was approximately 0.04%. 

Detailed Descript ion Paragraph Right (40) : 

Detai.Le ^ mem g ra £ e that was rendered hydrophilic through treatment with HPC 

as described above was then charge-modified in accordance with the invention, as 
follows: The membrane was dipped into a charge-modifying solution containing 0.8 oHEPEI 
and 1.2% KYMENE 736 having a pH of between about 8 and about 8.5 for about 30 seconds. 
The still wet membrane was passed through a 115. degree. C. oven for three minutes to 
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^ 1 gc^^^S^ h m^» nI 4 ,Ul.. (0.1 .mu.m average surface pore size, 
available from Me mteAmerica Corporation) , rendered hydrophilic with HPC in ""j*™* 
with the invention, were utilized in a comparative test. One membrane sample was kept 
untreated (5a? a second membrane was charge -modified via dip-coating in a solution 
containing 1% HEPEI and 1.2% KYMENE 736 (Sb) , and ^.^ird;etone sar.pl 6% KYMENE 736 
charae-modified via dip-coating in a solution containing 0.5% HEPEI and 0.6% KYMENE 736 
at a DH of about 8 to about 8.5 (5c). Following treatment, while still wet Samples 5b 
and 5c were p-Ld through an oven at about 115. degree. C. for about four minutes to 
effect crosslinking. 

Detailed Description P aragraph Right (45) : „i r>~ 

SlnM. polvBulfone '^ itoHe samples (0.2 .mu.m average surface pore size 
B?s-80 availabl e from Memte c America Corporation) , rendered hydrophilic with HPC m 
accorLice with the invention, were utilized in a comparative test One membrane sample 
was kept untreated (6a), and a second membrane was charge-modified by dip-coating in a 
was Kept untreate v / , KYMENE 736 (6b) . A third membrane sample was 

solution containing 1% HE Phi ana x.^o ^ihc,ino /oo v # „„ T , o 12% KYMENE 736 

charge-modified by dip-coating in a solution containing 0 ^1% HEP EI and 0.12% KYMENE 736 
tdc) and a fourth membrane sample was treated with 0.2% poly G-20 and 0.2* Kxm&wc /« 
It i'nH If about 8 to about 8.5 (6d). Following treatment, while still wet, Samples 6b, 
6c LfedwS: Passed Srough an oven at about^lB .degree . C. for about four minutes to 
effect crosslinking. 

Detailed Des cription Paragraph Left (10) : 

Charge Modification of Very Large Pored Microf iltration Membranes 

C^Irison ^^ Versus HPC-Treated and Charge -modified 

Polysulf one Membranes 

Polysulf one Membranes 

Current US Cross Reference Classification (5) : 
210/500 ,41 

Issued US Cross Reference Classifi cation (4) : 
210/500.41 

Field of Search Class/SubClass (5) : 
210/500 .41 

CLAIMS : 

15 The membrane of claim 14, wherein said sulfone polymer is selected from the group 
consisting of polysulf one, polyarylsulf one and polyethersulf one . 

28 The method of claim 27, wherein said sulfone polymer is selected from the group 
consisting of polvsulfone, polyarylsulf one and polyethersulf one . 
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TITLE: Macroporous or microporous filtration membrane, method of preparation and use 
Abstract Text (1) : 

This invention relates to a microporous or macroporous affinity filtration membrane 
wherein the matrix is composed of chitosan or chitin and the pores are made by 
dissolution of porogen during the preparation of the membrane . The invention also 
relates to a method of preparation of the membrane comprising preparing an acidic 
chitosan solution containing porogen, shaping the suspension into a membrane, and 
dissolving the porogen by immersing the membrane in an alkaline solution. To prepare 
chitin membranes, the chitosan membranes are acetylated. The special feature of the 
membrane is that the pore size can be controlled by varying the size of the porogen. 
The membranes are suitable for affinity purification of macromolecules . 

Brief Summary Text (3 ) : 

The present invention relates to the area of affinity purification of 
macromolecules. More particularly, the invention provides an affinity membrane, 
wherein the pore size is based upon the size of the porogen selected, a method for 
preparation of the membrane, and a method for affinity purification of 
macromolecules . 

Brief Summary Text (5) : 

Affinity membrane filtration (AMF) has recently emerged as an alternative to 
affinity column chromatography. An advantage of AMF is that high flow rates at low 
pressure drops can be achieved, thereby greatly improving the washing, elution, and 
regeneration processes, and decreasing the probability of deactivation of the 
biomolecules by shortening their exposure to an unfavorable medium. 

Brief Summary Text (6) : 

The key to efficient AMF is the preparation of the affinity membranes . In general, 
two approaches have been employed to prepare affinity membranes . In the most common 
method, microporous affinity membranes are prepared from polyethylene, 
polypropylene, nylon, polysulfone, and glass. However, these membranes are usually 
hydrophobic and relatively inert, and hence require modifications. In addition, some 
of the membranes may require amplification of the number of active groups. To 
overcome these drawbacks, a second approach has been employed wherein membranes are 
prepared that have preincorporated functional groups. However, the problems with 
this type of membranes include hydrophobicity (poly glycidyl 

methacrylate-co-ethylene dimethacrylate membrane ) , brittleness, and solubility in 
acids (cellulose acetate membrane ) . Another drawback with both of the above methods 
is that the pore size of the membrane cannot be easily controlled. 

Brief Summary Text (7) : 

Recently chitosan membranes have been suggested as affinity membranes for 
immobilization of various macromolecules having affinity for chitosan. Next to 
cellulose, chitin (poly (N-acetyl -D-glucosamine) ) , is the most abundant biopolymer. 
Chitosan, the deacetylated form of chitin, is soluble in dilute aqueous organic 
acids but is insoluble in alkaline solutions. Chitosan molecules contain a large 
number of reactive hydroxyl and amine groups, which can easily attach ligands. In 
view of its hydrophilicity, excellent film-forming ability, good mechanical 
properties, and high chemical reactivity (containing hydroxyl and amine groups) , 
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chitosan can be an excellent candidate for filtration membranes . Moreover, since 
chitosan has a positive charge due to the presence of --NH.sub.2 groups, it can be 
used to selectively adsorb malignant leukemia cells which carry a higher negative 
charge on their surface than normal cells. Since chitin contains 

N-acetyl -D-glucosamine units in its structure which can bind certain molecules, it 
can be employed for affinity purification without further chemical modification. 
Other advantages of chitosan and chitin are that they are easily available and 
inexpensive. Moreover, chitin and crosslinked chitosan are insoluble in both acidic 
and alkaline media making them suitable as filtration membranes . 

Brief Summary Text (8) : 

In addition to affinity filtration, other uses of chitosan membranes include reverse 
osmosis {Yang and Zall, 1984 J. Food Sci . , vol 49:91-93), pervaporation (Tsugita et 
al., U.S. Pat. No. 4,983,304; Zeng et al . , 1993 Membr . Sci. Technol . , vol 13:29-32; 
Goto et al . , 1994 Sep. Sci. Technol. vol 29:1915-23), ultrafiltration (Beppu et al . , 
1993 Kobunshi Ronbunshu vol 50:35-40), and affinity filtration (Zeng and Ruckenstein 
1996 J. Membr. Sci. vol 117:271-278). U.S. Pat. No. 5,116,747 to Moo-Young et al . 
describes the use of a semi-permeable membrane , formed by chitosan and a water 
soluble polymer, for immobilization of biologically active material. U.S. Pat. No. 
5,006,255 to Uragami describes a selective permeable membrane prepared by 
cross-linking of chitosan by aldehyde, and used for separation of water-alcohol 
solution . 

Brief Summary Text (9) : 

Currently, there is no suitable method available for the preparation of microporous 
or macroporous chitosan membranes wherein the size of the pores can be controlled. 
The most common method to prepare microporous chitosan membranes is the 
phase-inversion process, using a large molecular weight organic compound as a 
porogen. The process involves three steps: (1) casting of a solution of the membrane 
containing a porogen and partial evaporation of the solvent; (2) sol -gel 
transformation and generation of pores via the addition of a solvent for the 
porogen; and (3) heat treatment for stabilizing the pore structure and improving the 
mechanical properties. This method requires rigorous control of various parameters, 
particularly the kind and amount of porogen and evaporation conditions {time, 
humidity and temperature) . Generally, the porogens employed in the phase-inversion 
methods for preparing hydrophobic membranes were organic compounds of low molecular 
weight such as acetone, dimethyl formamide, dimethyl sulfoxide, benzene, etc. To 
obtain large pores in chitosan membranes, the relatively large molecule of 
poly (ethylene glycol), molecular weight 35,000, was used as porogen (Zeng and 
Ruckenstein, 1996 J. Membr. Sci. vol 117:271-278). Although relatively high 
permeability membranes were obtained, their mechanical properties were not 
satisfactory, and they had to be placed on another support. 

Brief Summary Text (10) : 

So far, microporous or macroporous chitin membranes have not been available, 
primarily because no suitable solvent and porogen could be found. A few solvents, 
such as the mixtures trichloroacetic acid-chloral hydrate-dichloromethane (Brine and 
Austin, 1975 ACS Symposium Series, Church T. D., Eds., American Chemical Soc . , vol 
18, p505) , dimethylacetamide (DMAc) -LiCl (Rutherford and Austin, 1977 Proc . of the 
First International Conf . on Chitin and Chitosan, Muzzaralli, R. A. A., Priser, E. 
R., Eds., MIT Sea Grant Program, Cambridge), and N-methyl -2 -pyrrolidone-DMAc-LiCl 
(Uragami et al . , 1981 Polym. , vol 3 0:1155-1156) have been tried. However, it was 
either almost impossible to completely dissolve chitin in these solvents, or 
required a long time, followed frequently by degradation. 

Brief Summary Text (12) : 

An object of the present invention is to provide a macroporous or microporous 
filtration membrane for affinity purification of macromolecules , wherein the matrix 
comprises chitosan or its acetylated form, chitin, and the size of the pores can be 
controlled . 

Brief Summary Text (13) : 

Another object of the present invention is to provide a method for the preparation 
of chitosan or chitin membranes wherein the matrix of the membrane is formed around 
a porogen of desired size. The porogen particles are then dissolved to form the 
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membrane pores . 

Drawing Description Text (2) : 

FIG. la is a scanning electron micrograph showing the morphology of a macroporous 
chitosan membrane, wherein the weight ratio of silica particles to chitosan is 4:1 
and the size of silica particles is 5 .mu.m. 



Drawing Description Text (3) : 

FIG. lb is a scanning electron micrograph showing the morphology of a macroporous 
chitosan membranes, wherein the size of silica particles is 10 .mu.m and the weight 
ratio of silica to chitosan is 4:1. 



Drawing Description Text (4) : 

FIG. lc is a scanning electron micrograph showing the morphology of a macroporous 
chitosan membranes, wherein the size of silica particles is 15-40 .mu.m and the 
weight ratio of silica to chitosan is 4:1. 

Drawing Description Text (5) : 

FIG. 2 is a graph illustrating the effect of the size of silica particles on the 
flow rate through chitosan membranes . 

Drawing Description Text (6) : 

FIG. 3 is a schematic diagram of a cartridge used to house chitosan or chitin 
membranes for affinity filtration. 

Drawing Description Text (7) : 

FIG. 4 is a graph illustrating the adsorption of lysozyme on the chitin membrane 
cartridge at 20. degree. C. 

Detailed Description Text (2) : 

"Macroporous" as used herein means pores having a diameter of at least 1.0 .mu.m. 
Detailed Description Text (3 ) : 

"Microporous " as used herein means pores having a diameter of from 0.1 .mu.m to 
about 1.0 .mu.m. 



Detailed Description Text (4) : 

" Membrane " as used herein means a membrane wherein the matrix can be of any shape 
including, but not limited to, flat surfaces and spheres. 

Detailed Description Text (5) : 

The present invention is concerned with a porous affinity membrane wherein the 
matrix comprises chitosan or chitin, and wherein the pores are created by 
dissolution of the porogen . The pores can be in the micro- - (diameter 0.1 .mu.m to 
1.0 .mu.m) or macro- - (diameter greater than 1.0 .mu.m) range depending upon the size 
of the porogen selected for the preparation of the membranes . 

Detailed Description Text (6) : 

To prepare the membrane of the present invention, commercially available chitosan 
such as, but not limited to, chitosan of molecular weight about 70,000 to about 
2,000,000, can be used. While chitosan of any molecular weight can be used, a 
preferred embodiment has chitosan of molecular weight between about 400,000 to about 
2, 000, 000. 



Detailed Description Text (7) : 

Any porogen in particulate form that is soluble in basic solutions and insoluble in 
acidic ones can be used. It is preferable to use an inorganic porogen in order to 
obtain a dried chitosan membrane rather than a chitosan gel membrane . Suitable 
porogens include, but are not limited to, silica, aluminum silicate and aluminum 
oxide . 



Detailed Description Text (8) : 

In one illustrative embodiment , the porogen is silica. Since silica is available in 
several sizes, a wide range of pore size can be achieved. In a more preferred 
embodiment, the size of silica particles is from about 15 .mu.m to about 40 .mu.m 
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which results in an average pore size of 19.8 .mu.m for chitosan membranes and 17.9 
.mu.m for chit in membranes. 



Detailed Description Text (9) : 

Chitosan membranes are prepared according to the process of the present invention by 
first preparing a suspension of the porogen particles in an aqueous acidic solution 
of chitosan. To prepare acidic chitosan solution, organic acids were found to be 
particularly suitable for this invention. Such acids include, but are not limited 
to, acetic acid, formic acid, dichloroacetic acid, and trif luoroacetic acid. 
However, non-organic acids such as, but not limited to, hydrochloric acid, also work 
well. In a preferred embodiment, the 'acid is acetic acid. The concentration of 
chitosan in the aqueous acidic solution is inversely related to its molecular 
weight. For example, for an average molecular weight of 750,000, the appropriate 
concentration is around 0 . 5 wt % to 1 . 5 wt % . For the lower molecular weight of 
70,000 the concentration is around 2 wt % to 6 wt percent. 

Detailed Description Text (10) : 

The acidic chitosan solution containing the porogen is shaped into the desired 
membrane form. For preparing flat sheets, the suspension is cast on a rimmed glass 
plate and the solvent is allowed to evaporate. For hollow fibers, the pressurized 
suspension is extruded through a spinneret into a coagulation bath and for preparing 
beads, the pressurized suspension is dropped through a nozzle into a coagulation 
bath. The coagulation bath comprises NaOH. In addition, it may also contain ethanol 
or methanol . 



Detailed Description Text (11) : 

The porogen particles are easily extracted by exposing the shaped membranes to an 
alkaline solution. It may be desirable to carry out the treatment with the alkaline 
solution at a higher temperature so as to accelerate dissolution of silica and 
generate a porous membrane . In addition, heat treatment also improves the mechanical 
properties of the membrane . The time of exposure to the alkaline solution is 
dependent upon the temperature. For example, at 80. degree. C, a 2 hour treatment 
was found to be adequate, while at room temperature, a 24 hour treatment was 
necessary. Chitosan is insoluble in alkaline solution and hence is unaffected by 
this treatment. 



Detailed Description Text (12) : 

Following dissolution of the porogen, the alkaline solution is removed by washing 
with water and then the membrane is either allowed to dry or can be stored in 
methanol or ethanol. In a preferred embodiment, the to membrane is treated, before 
drying, with a plasticizer, which acts as a softening agent. This reduces the 
shrinkage during drying but has only a minimal effect on the flow rate through the 
membrane . Such plasticizers include, but are not limited to glycerol, ethylene 
glycol, propylene glycol, diethylene glycol, triethylene glycol and trimethylene 
glycol. Glycerol is a particularly suitable plasticizer. 

Detailed Description Text (14) : 

The number of pores in a membrane can be controlled by changing the weight ratio of 
silica to chitosan. For example, increase of this ratio from 1:1 to 2:1 rapidly 
increases the flow rate of pure water through the membrane prepared with silica 
particles in the range 15 .mu.m to 40 .mu.m. 

Detailed Description Text (15) : 

The flow rate increases, however, only slightly for ratios larger than 2:1, because 
the resultant membrane is more easily compressed at higher pressure drops. Membranes 
prepared with silica particles of other sizes also display a similar behavior. 

Detailed Description Text (16) : 

In affinity separation processes, the proteins or enzymes adsorbed are often eluted 
at low pH. To prevent the dissolution of the membranes in acidic solutions, the 
membrane is treated with a cross-linking agent. Any cross-linking agent that reacts 
with OH or NH . sub . 2 can be used. Such cross - linkers include, but are not limited to, 
glutaraldehyde , hexamethylene diisocyanate , epichlorohydrin, and ethylene glycol 
diglycidyl ether. However, cross-linking decreases the number of functional groups, 
and consequently the potential ligand density. The chitosan molecule contains two 



functional groups, OH and NH . sub . 2 , with the latter being more active than the 
former. In one preferred embodiment, to maintain the number of amine groups, 
epichlorohydrin is used since, under basic conditions, it reacts only with the OH 
groups . 

Detailed Description Text (17) : 

Chitin microporous or macroporous membranes are obtained via acetylation of the 
corresponding chitosan membranes with acetic anhydride in methanol. The N-acetylated 
chitosan (chitin) membrane has a stronger chemical resistance than chitosan 
membrane, being insoluble in 5 vol % aqueous solution of acetic acid (pH 2.5) and in 
5 wt % aqueous NaOH solution. This increased chemical resistance is most likely due 
to the presence of COCH.sub.3 group, which decreases the elongation upon increasing 
the extent of crystallinity . 

Detailed Description Text (18) : 

The method of the present invention can also be employed to prepare composite 
membranes, in which chitosan is blended with synthetic polymers such as, but not 
limited to, polyvinyl alcohol (PVA) , polyvinyl pyrrolidone (PVP) , polyethylene oxide 
(PEO) , poly amides, polyacrylamides , polymethacrylate and polyhydroxyethyl 
methacrylate, or natural polymers such as, but not limited to, gelatin, collagen, 
dextran, agarose, silk, cellulose and cellulose derivatives. Such combinations would 
be useful in improving the properties of polymer membranes, such as blood 
compatibility, mechanical properties and biodegradability . 

Detailed Description Text (19) : 

The present invention is not limited to flat sheets, but can be used in other forms 
including, but not limited to, hollow fibers and beads. Flat membranes can be housed 
in a support assembly. In a preferred embodiment, the support assembly is a plate 
type filtration cartridge wherein, multiple membranes can be stacked. Stacking of 
multiple membranes increases the adsorptive capacity of the membranes . 

Detailed Description Text (20) : 

In contrast to most commercial membranes, the membranes of the present invention 
contain a large number of active groups (--OH and/or NH.sub.2). Therefore the 
membranes of the present invention can be used, without any further amplification of 
the number of active groups, in various applications such as affinity membranes . 
Since chitin membranes contain N-acetyl-D-glucosamine units in its structure, it can 
be used to bind macromolecules that have an affinity for this group. Such 
macromolecules include, but are not limited to, lysozyme and wheat germ agglutinin. 

Detailed Description Text (21) : 

Chitosan membranes can bind molecules that have an affinity for glucosamine. Such 
molecules include, but are not limited to, protein A and Cibacron . TM . Blue F3GA dye. 
Other potential uses for macroporous and microporous chitosan and chitin membranes 
include, but are not limited to, agents for wound dressing, hemostatic bandages, 
metal chelating agents, enzyme carriers, agents for cell immobilization, and blood 
filters to remove selected cells. 

Detailed Description Text (24) : 

Preparation of Chitosan Macroporous Membranes 

Detailed Description Text (25) : 

Illustrated in this embodiment is the preparation of chitosan membranes . A solution 
of chitosan was first obtained by dissolving 1 g of chitosan in 100 ml of 1 vol % 
aqueous acetic acid solution containing 10 wt % glycerol. To this solution, the 
desired size and amount of silica particles were added, followed by vigorous 
stirring in order to disperse them uniformly. Then the solution was poured onto a 
rimmed glass plate and the liquid was allowed to evaporate. The dried membrane was 
immersed in a 5 wt % aqueous NaOH solution and kept for 2 hours at 80. degree. C. 
Finally, the porous membrane was washed with distilled water to remove the remaining 
NaOH . 



Detailed Description Text (27) : 

Cross-linking of Microporous or Macroporous Chitosan Membranes 



Detailed Description Text (28) : 

While* insoluble in alkaline solutions, the chitosan membrane is soluble in dilute 
acetic acid solutions. To prevent the dissolution of chitosan membrane under acidic 
conditions, which are necessary to elute many biomolecules , the chitosan membrane 
must be cross-linked. Cross-linking of the chitosan membrane was carried out under 
mild conditions using epichlorohydrin as the cross-linker. The chitosan membranes 
were immersed in 1 . times . 10 . sup . -2 M epichlorohydrin solution, containing 0.067M 
NaOH (pH 10) for 2 hours at 50. degree. C. Then the membranes were taken out of the 
solution and rinsed with distilled water until neutral conditions. Table 1 shows the 
effect of cross-linking of chitosan membranes . 

Detailed Description Text (29) : 

In order to prevent its shrinkage during drying, the membrane was immersed in a 20 
vol % aqueous glycerol solution for 30 min and, after removing the excess glycerol 
solution, placed on a glass plate and allowed to dry. Thus, a strong and flexible 
membrane that had not undergone shrinkage, was obtained. 

Detailed Description Text (31) : 

Conversion of Macroporous Chitosan Membranes to Macroporous Chitin Membranes 

*> 

Detailed Description Text (32) : 

To prepare chitin membranes, the corresponding chitosan membranes were acetylated 
after removal of the alkaline solution used to dissolve the porogen particles. The 
acetylation of chitosan membranes to chitin was carried out via its immersion into a 
stirred solution of 100 ml methanol containing 5 ml of acetic anhydride for 1 hour 
at 50. degree. C. The membranes were then removed from the solution and washed 
successively with methanol and distilled water, followed by treatment of the 
membrane with 5 wt % aqueous NaOH solution overnight to remove the CH . sub . 2 OH 
acetylated groups. Finally, a white macroporous chitin membrane was obtained after 
washing with distilled water until neutral conditions. Table 2 presents a comparison 
of the chemical resistance and mechanical properties, and Table 3 presents a 
comparison of the physical properties of chitin and chitosan membranes . The 
mechanical properties of the chitosan and chitin membranes were determined at 
20. degree. C. using an Instron.TM. universal testing instrument (Model 1000). The 
gauge length was 20 mm and the extension rate 10 mm/min. The specific adsorption 
areas of chitosan and chitin macroporous membranes were determined by the BET 
(Brunauer-Emmett-Teller) method using a Micromeritics . TM . ASAP 2000 instrument. The 
porosities of the chitosan and chitin membranes were obtained by determining their 
swelling in water and using the following expression: 

Detailed Description Text (33) : 

where W . sub . 1 and W . sub . 2 are the weights of the membranes in the wet and dry 
states, respectively, d. sub. water is the density of pure water at 20. degree. C, and 
V is the volume of the membrane in the wet state. 

Detailed Description Text (35) : 

Morphology of Chitosan and Chitin Membranes : 

Detailed Description Text (36) : 

Scanning electron microscopy was employed to investigate the morphology of the 
chitosan and chitin membranes . The specimen were prepared as follows: the wet 
membrane was wiped with a filter paper to remove the excess water present on the 
surface of the membrane, then framed on a petri dish to prevent shrinkage along the 
surface, and allowed to dry. The membranes were fractured under liquid nitrogen and 
the fractured surfaces were coated with a thin layer of carbon before scanning. 
FIGS. 1(a), 1(b) and 1(c) show that the pores are distributed uniformly indicating 
that the silica particles were dispersed uniformly. 

Detailed Description Text (38) : 

Effect of Size of Silica Particles on the Morphology and Flow Rate through Chitosan 
Membranes : 

Detailed Description Text (39) : 

To determine the effect of the size of silica particles on the morphology of the 
membrane and on the rate of flow of fluids through the membrane, three kinds of 



silica particles, size between 15 and 40 .mu.m, average size of 10 . mu.m, and 
average size of 5 .mu.m, were selected for illustration. The morphologies of the 
chitosan membranes can be seen from the electron micrographs of FIG. la {5 .mu.m), 
FIG. lb (10 .mu.m), and FIG. lc (15-40 .mu.m), which show three-dimensional networks 
with high porosities and uniformly distributed pores . A comparison of the flow rates 
through these membranes is presented in FIG. 2. The flow rate for membranes prepared 
with silica particles of sizes 15-40 .mu.m (curve 1) and 10 .mu.m (curve 2) was 
higher than that for membranes prepared with silica particles of size 5 .mu.m (curve 
3) . The larger silica particles provided the larger pore sizes and, hence, the 
larger flow rates of pure water through the membrane . The average pore size of 
membranes prepared with a weight ratio of silica to chitosan of 8:1 and with silica 
particles of sizes 15-40 .mu.m, 10 .mu.m and 5 .mu.m membranes was 19.5 .mu.m, 6.6 
.mu.m, and 2.5 .mu.m respectively. These results indicate that the size of the pores 
can be controlled by selecting silica particles of appropriate size. In addition, 
the electron micrographs indicate that the pores are uniformly distributed. 

Detailed Description Text (41) : 

Preparation of Composite Membranes containing Chitosan and Synthetic Polymers 
Detailed Description Text (42) : 

In one embodiment of the invention, chitosan is blended with synthetic polymers to 
make composite membranes . Chitosan and PEO were dissolved individually in 1 vol % 
aqueous acetic acid solution containing 10 wt % glycerol . Then the two solutions 
were mixed in various proportions. The silica particles (15-40 .mu.m) were suspended 
via stirring in the mixture; this was followed by casting the suspension on a rimmed 
glass plate. After drying at room temperature, the dried membrane was immersed in 5% 
NaOH solution at 80. degree. C. for 2 hours, followed by washing with distilled 
water. This produced a macroporous chitosan-poly (ethylene oxide) blend membrane . 

Detailed Description Text (43) : 

To prepare a chitosan-polyvinyl alcohol blend membrane, the casting solution was 
prepared by mixing a 2 wt % polyvinyl alcohol (PVA) aqueous solution with a 1 wt % 
chitosan aqueous acetic acid solution containing 10 wt % glycerol and silica 
particles (15-40 .mu.m) . Dissolution of silica particles was carried out by 
immersion in 5% NaOH at 60. degree. C. for 5 hours. 

Detailed Description Text (45) : 

Preparation of Composite Membranes containing Chitosan and Natural Polymers 
Detailed Description Text (46) : 

In one embodiment of the invention, composite membranes containing chitosan and 
collagen or chitosan and gelatin were prepared. One wt % solutions of chitosan and 
collagen or gelatin were prepared by dissolving them individually in a 2 vol % 
aqueous acetic acid solution. The individual solutions were then mixed in a 1:1 
volume ratio. Silica particles (15-40 .mu.m) were added with vigorous mixing, 
followed by casting the suspension on a rimmed glass plate and drying at room 
temperature. The dried membrane was immersed in 5% NaOH solution at 60. degree. C. 
for 5 hours, followed by washing with distilled water. 



Detailed Description Text (48) : 
Preparation of membrane cartridge 



Detailed Description Text (49) : 

In one embodiment of this invention, the membrane is housed in a plate type 
filtration cartridge. While any cartridge known to those skilled in the art can be 
used, an example of such a cartridge is presented here. A schematic diagram of the 
cartridge is presented in FIG. 3. Two porous sintered plates (3 mm thick) were 
employed as distributors in the cartridge. In addition, multi-inlet ports (4 inlets) 
and a bubble relief valve were employed in order to achieve better sample 
distribution. The cartridge has a hollow bottom portion 5, the bottom of which 
houses a flow collector 8 which leads to an outlet port 6. The stacked chitosan 
membranes 7 are placed on the flow collector. The top cover of the cartridge 4 has a 
flow distributor 3 which, together with the flow collector 8, sandwiches the 
chitosan membranes 7. The flow distributor 3 in the cover 4 has three inlet ports 2 
to feed the fluid to the membranes . The purpose of the flow distributor is to feed 
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the fluid uniformly to the membranes . The cover houses an "0" -ring seal 1, which 
seals the chitosan membranes from the outside. 

Detailed Description Text (52) : 

In one embodiment of this invention, the membrane is in the form of a hollow . fiber . 
For preparing hollow fibers, an acidic chitosan solution containing silica particles 
of desired size is placed into a cylinder and extruded with a piston through a 
spinneret into a coagulation bath (aqueous 5% wt NaOH, which may contain ethanol or 
methanol) . While not intending to be bound by any particular theory, it is believed 
that this solidifies the fiber by deprotonating the amine group. This is followed by 
drawing the fiber through a washing bath (deionized water) to remove the sodium 
hydroxide, and then through an acetone bath to dehydrate the fiber. Glycerine may be 
added into the spin dope, the coagulating solution and washing bath to prevent 
rupture during drying. Subsequently the fiber is immersed in a NaOH solution at 
80. degree. C. to dissolve the silica particles and to generate the porous fiber. A 
hollow fiber spinneret can be employed to prepare chitosan hollow fiber. Treatment 
with a cross-linker, as in Example 2, is needed to stabilize the membranes . Micro- 
or macroporous chitin fibers or hollow membranes can be prepared by acetylating the 
chitosan fiber or hollow fiber with acetic anhydride. 

Detailed Description Text (58) : 
Use of the Membrane : 

Detailed Description Text (59) : 

In one embodiment of the invention, the membrane is used for affinity purification 
of lysozyme which has a known affinity for the D-glucosamine moieties of chitin. A 1 
mg/ml solution of lysozyme in 0.1 M phosphate buffer (pH 8.0) containing 1 M NaCl 
was prepared and loaded at a flow rate of 1, 5, or 15 ml/min into the chitin 
cartridge of Example 8 . The ratio of the concentration of lysozyme in the effluent 
(C) and the initial concentration of lysozyme (C.sub.o) is plotted as a function of 
time in FIG. 4. The time required to achieve saturation was about 20 min for 15 
ml/min (c; curve 6), about 30 min for 5 ml/min (b; curve 5) and more than 70 min for 
1 ml/min (a; curve 4) . The adsorption was followed by washing with phosphate buffer 
for 10 min at a flow rate of 15 ml/min, and by elution with 0.1 M acetic acid 
solution at 1, 5, and 15 ml/min, until no protein was detected in the effluent. The 
effluent was collected and the concentration determined spectrophotometrically . The 
elution profile is presented in FIG. 5. About 40, 10 and 5 minutes were needed for - 
the elution flows of 1 ml/min (a; curve 7), 5 ml/min (b; curve 8), and 15 ml/min (c; 
curve 9) respectively to remove 95% of the strongly bound protein. 

Detailed Description Text (61) : 

Use of the Membrane to Purify Lysozyme from Egg White 
Detailed Description Text (62) : 

In one embodiment of the invention, the membrane was used for separation of lysozyme 
from egg white. Hen egg white was first separated from fresh eggs. Then 10 ml of 
homogenized egg white was diluted with 90 ml of 0.1 M phosphate solution (pH 8.0) 
containing 1 M NaCl, followed by filtration and centrif ugation at 100 g for 20 min. 
Finally, 65 ml of supernatant was pumped through the chitin cartridge of Example 8, 
at 1 ml/min, followed by 10 min washing at 15 ml/min and about 15 min elution at 5 
ml/min. The purity of the lysozyme was examined by High Performance Liquid 
Chromatography (HPLC) using a wide -pore CBx HPLC column, 5 .mu.m, 7.75 mm. times. 100 
mm. The flow rate was 1 ml/min, the mobile phase A binding buffer was 25 mM MES 
( (2-N-morpholino) ethanesulf onic acid), pH 5.6 and the mobile phase B eluting buffer 
was 1 M NaOAc , pH 7.0. The sample size was 100 . mu . 1 . The various profiles in FIG. 6 
represent pure ovalbumin (a; curve 10), pure lysozyme (b; curve 11) and lysozyme 
from egg white (c; curve 12) . The purity of lysozyme from egg white was estimated to 
be higher than 98% and its specific activity was 54,003 units/mg protein. 

Detailed Description Paragraph Table (1) : 

TABLE 1 in 5 vol % chitosan aqueous acetic 

acid flux (ml/min/cm .sup. 2) membrane soln, pH 2.5 at pressure drop of 3/5 psi 

before cross-linking soluble 18.1/27.4 after 

cross-linking insoluble 17.3/26.0 
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Detailed Description Paragraph Table (2) : 

TABLE 2 chem resistance in mechanical 

properties (dry/wet) elongation 5 wt % 5 vol % tensile strength, at membrane NaOH 

solution HOAc solution MPa break, % chitosan 

insoluble soluble 7.37/0.90 6.1/102.2 chitin insoluble insoluble 9.23/1.09 4.6/29.3 



Detailed Description Paragraph Table (3 ) : 

TABLE 3 flux (ml/min/ cm. sup. 2) at spec 

average pressure thickness, porosity, adsorption pore size drop of membrane .mu.m % 

area m.sup.2 /g .mu.m 3/5 psi chitosan 119 

75.2 1.8 19.8 17.6/30.8 chitin 132 62.2 1.6 17.9 15.0/28.9 



Other Reference Publication (1) : 

T. Uragami, Y. Ohsumi and M. Sugihara, (1981), Studies on synthesis and permeability 
of special polymer membranes; Polymer, vol. 22, pp. 1155-1156. 

Other Reference Publication (2) : 

X. Zeng and E. Ruckenstein, (1996), Supported chitosan-dye affinity membranes and 
their protein absorption; J. Membrane Sci . , vol. 117, pp. 271-178. 

Other Reference Publication {3 ) : 

T. Yang and R.R. Zall, (1984), Chitosan Membranes for Reverse Osmosis Application; 
J. Food Science vol. 49, pp. 91-93. 

Other Reference Publication (4) : 

M. Goto, A. A. Shiosaki and T. Hirose, (1994), Separation of Water/Ethanol Vapor 
Mixtures through chitosan and cross-linked chitosan membranes ; Separation Science 
and Tech., vol. 29, pp. 1915-1923. 

Other Reference Publication (5) : 

M. Beppu, T. Baba and C. Kamizawa, (1993), Effect of organic solvents as gelating 
agents on performance of chitosan membranes for ultrafiltration; Koburishi Ronbunshu, 
vol. 50, pp. 35-40. 

Other Reference Publication (6) : 

X. Zheng, C. Mingde, Z. Xurong and S. Jun, (1993), Pervaporation separation of 
ethanol-water mixture using crosslinked chitosan/PAN membrane; Membrane Sci. & 
Technol . , vol. 13, pp. 29-32. 

CLAIMS: 

1. A membrane selected from the group consisting of a microporous and macroporous 
membrane, wherein said membrane is composed of a matrix and a set or pores, wherein 
said matrix consists essentially of chitosan, and wherein said pores are formed by 
dissolution of a particulate porogen, wherein said pores are uniformly distributed 
and include a three-dimensional structure. 

2 . A membrane selected from the group consisting of a microporous membrane and 
macroporous membrane wherein said membrane is composed of a matrix and a set or 
pores , wherein said matrix comprises chitosan and at least one polymer selected from 
the group consisting of polyethylene oxide, polyvinyl alcohol, collagen and 
gelation, and wherein said pores are uniformly distributed and have a three 
dimensional structure. 

3. The membrane of claim 2, wherein said polymer is polyethylene oxide. 

4. The membrane of claim 2, wherein said polymer is polyvinylalcohol . 

5. The membrane of claim 2, wherein said polymer is collagen. 

6. The membrane of claim 2, wherein said polymer is gelatin. 

7. The membrane according to claim 1, wherein said porogen comprises silica 



particles . 



8. The membrane according to claim 7, wherein the membrane is a macroporous 
membrane, and wherein said silica particles have a diameter of between about 15 
.mu.m to about 4 0 .mu.m. 

9. The membrane according to claim, 1 wherein chitosan has a molecular weight of 
between about 400,000 to about 2,000,000. 

10. The membrane according to claim 1 wherein chitosan is N-acetylated . 

11. A method for the preparation of a membrane according to claim 10, comprising the 
steps of: 

a. suspending porogen particles in an acidic solution comprising chitosan 

b. shaping the suspension into a membrane ; 

c. extracting the porogen by contacting the membrane with an aqueous alkaline 
solution ; 

d. removing the alkaline solution; and 

e. converting chitosan to chitin by treating the membrane with acetic anhydride. 

13. The method of claim 12, wherein the silica particles have a diameter of between 
about 15 . mu.m to about 4 0 .mu.m, wherein chitosan has a molecular weight of between 
about 400,000 to about 2,000,000, and wherein the porogen is extracted by heating in 
an alkaline solution comprising sodium hydroxide . 

18. The method according to claim 11, further comprising the step of treating the 
membrane with a plasticizer to soften the membrane, after step (e) . 

22. The membrane according to claim 1, wherein the membrane is in the form of a flat 
sheet . 

23. The membrane according to claim 1, wherein the membrane is in the form of a 
hollow tube or fiber membrane . 

24. The membrane according to claim 1, wherein the membrane is in the form of a 
bead . 

25. A method for the preparation of a membrane according to claim 1, comprising the 
steps of: 

a. suspending porogen particles in an acidic solution comprising chitosan; 

b. shaping the suspension into a membrane ; 

c. extracting the porogen by contacting the membrane with an aqueous alkaline 
solution ; 

d. removing the alkaline solution; and 

e. treating the membrane with a cross- linker . 

27. The method of claim 26, wherein the silica particles have a diameter of between 
about 15 . mu-. m to about 40 .mu.m, wherein chitosan has a molecular weight of between 
about 400,000 to about 2,000,000, wherein the porogen is extracted by heating in an 
alkaline solution comprising sodium hydroxide, and wherein the cross- linker is 
epichlorohydrin . 

34. The method according to claim 25, further comprising the step of treating the 
membrane with a plasticizer to soften the membrane, after step (e) . 
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38. A method for the purification of molecules, wherein the molecules have a known 
affinity for the membrane according to claim 1, comprising the steps of: 

a. contacting the molecules in solution with said membrane ; 

b. washing the membrane to remove unbound molecules; and 

c. eluting bound molecules from said membrane with an acidic solution. 

39. The method of claim 38, wherein the membrane is housed in a support assembly. 
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